Abstract-This paper examine the various committed new technology and improve logging activities ascribed in the 'Logfisher' Practice (LP) rather than Conventional Practice (CP). The result of cost analysis shows that the cost constitutes under LP is higher than under CP. Incremental average per ha total cost rose by 46.86% to RM13,576/ha. While the incremental average per m 3 total cost increased by 57.41% to RM267.80/m 3 . Hence, CP was slightly more profitable and exceeds the Net Present Value (NPV) of LP. Similarly, the Benefit-Cost Ration (BCR) for CP is better than LP. On the other hand, the result of the economic analysis of 40-year period showed that the LP system (NPV = RM9302/ha) provided a higher level of overalls benefits and welfare to the society as a whole as opposed to CP (NPV = RM8497/ha).
INTRODUCTION
Among millions hectares of tropical rain forests in the world, Malaysia has a total of 14.33 million hectares of forested land designated as the Permanent Forest Estate (PFE) which is under sustainable management [7] . Approximately 10.84 million hectares of the PFE are production forests with the remaining 3.49 million hectares being protection forests [7] .
In Malaysia, the skidder generally does not pick up its load from the felling site because of adverse soil and terrain conditions. In the early nineties, reduced impact logging (ground skidding) was being carried out in some forest areas in Peninsular Malaysia and in the state of Sabah, while low impact logging (helicopter logging) was being carried out in the state of Sarawak [8] . ; [10] ; [2] ; [9] ; [4] ; [3] ). A study by [10] indicated that the average fixed cost constitutes about 83% of the total logging cost which is RM237.67/m 3 . However, it was found that the component of fixed cost in logging operation is relatively lower compared to variable cost component that constitute about 46% of RM56.98/m 3 of the total logging cost [4] . In addition, recent studied by [3] found that the mean total logging cost in Pahang was estimated at RM204.65/m The 'Logfisher' system employs a technique of log extraction which combines the function of winching and lifting, performed by a single machine [8] . The 'Logfisher' actually embodies the body of an excavator and basic structure of a crane. In the winching operation, a cable rope with a total length of 300 meters is pulled out from the drum and dragged to the respective trees which have been felled in the forest. The open end of the cable rope is then tied and hooked on the felled log.
III. METHODOLOGY
Cost analysis and cost-benefit analysis was used by two categories. The conceptual framework for obtaining the incremental or additional cost of conducting each of the harvesting activities when implementing the 'Logfisher' is shown in Figure 1 . First, the financial analysis was conducted from an enterprise perspective and dealt with actual cash flows. Only traded good and services were considered and valued by applying market prices. Second, the economic analysis was conducted from society perspective. It considered traded and non-traded costs and benefits. Shadow pricing was used to adjust financial costs and benefits to reflect their economic values
The economic indicators selected were the net present value (NPV) and the benefit-cost ratio (BCR). A sensitivity analysis was carried out to estimate how changes in key technical and economic parameters would alter the economic performance of the two harvesting systems. The parameters that would probably were considered such as discount rate, timber price, carbon credit, harvesting cost and harvesting volume.
The data for this case study were collected from primary sources. They were provided by the concessionaire from Compartment 220, Sungai Betis Forest Reserve, Gua Musang, Kelantan which under RIL using LP and in Compartment 109, Nenggiri, Gua Musang, Kelantan which under CP. Several types of questionnaires were designed according to the needs for capturing the specific information under this case study. In certain cases, the loggers were also interviewed in seeking for further clarification of data given.
Timber harvesting was conducted using two systems: the LP in a 90-ha research plot and the CP which was conducted in a 100-ha. Table I shows the basic characteristics of the study sites. Total timber productions from the LP and CP plots were 4560 m 3 and 5430 m 3 respectively. Theoretically, both plots were bound by the Selective Method System (SMS). Hence, buffer areas along rivers and steep slopes were marked and protected from harvesting. Thus, the timber volumes not harvested in both the LP and CP plots were 101 m 3 and 103 m 3 respectively. For the sensitivity analysis, this study will use the cost of tropical forestry carbon offsets with range about US$2-10 per ton of carbon, averaging about US$8 by [14] . In order to account for different economic non-timber forest products (NTFPs) values and biodiversity values under different forest management options, a percentage-based valuation was applied from [13] . For the recreational values, it was assumed that the net operable areas managed under CP have no recreational value. The recreational value on nonproduction areas was set at RM19 ha/year [12] .
IV.
RESULT AND DISCUSSION The above elements alluded on direct financial transaction costs. The licensee, contractors and harvesting crews incurred opportunity cost from unearned timber income from buffer areas. The average total production cost rose by 46.86% to RM13,576/ha. It was observed that the per hectare present value costs of harvesting activities were consistently higher under LP than CP option mainly due to greater expenditures on improved activities. The incremental proportions of the cost among the various activities were more varied particularly in road construction and 'Logfisher' machine. However, there is zero cost in skidding activity due to the absence of that activity in LP option. In aggregate, compliance to the LP led to an overall increase of RM4332/ha or 46.9% and RM97.7/m 3 or 57.4% (Table IV) . The higher percentage of increase in terms of per cubic meter under LP option in comparison to the CP option is due to the lower timber yield productivity that raised the average cost. Among the various activities, the increase was only 0.2% or RM1/ha in pre-felling activities; 82.08% or RM1311/ha in felling activities and RM3049/ha in additional machine of 'Logfisher' (Table IV) . The activities with significant incremental costs were road construction and 'Logfisher' machine.
This analysis indicates that complying to the LP for RIL technique lead to an additional cost. The additional cost of shifting from one harvesting practice to another is a burden to the company. The incidence of this burden has been computed in this paper. Consideration of compensation may have to be addressed explicitly to encourage compliance if improved conservation and sustainability of the forest is to be achieved. Instruments of financing these compensations have to be determined.
LP in RIL implementation is an essential element for sustainable forest management of the tropical forest. Therefore, ecological impacts of logging need to be mitigated using economically competitive technology. The context of LP in RIL system has been clearly demonstrated. Felling efficiency can be improved to enable significant reduction of environmental damage especially when there is no skidding activity during the operation. Despite these benefits, full adoption of RIL system in the context of LP in Peninsular Malaysia's forest concessions, still have not been widely accepted. Table V indicates that the total profit of CP and LP is at RM49/m 3 and -RM66/m 3 respectively in a one-year period. At this point of time, the timber producers will loss because of higher cost and lower revenue in LP option compared to CP option. The lower revenue in LP option was due to the buffer areas and stringent criteria's implemented in their logging activities. For the financial analysis for 40-year period, the NPV and BCR indicate that both management options are profitable (Table VI) . CP was slightly more profitable and exceeds the NPV of LP. Similarly, the BCR for CP exceeds the NPV of LP. This means that with regard to the private profitability preference which relies more on financial analysis, it implies CP is more robust. 
A. Financial Analysis

B. Economic Analysis
The economic analysis of 40-year period showed that the LP system (NPV = RM9302/ha) provided a higher level of overalls benefits and welfare to the society as a whole as opposed to CP (NPV = RM8497/ha). Table VII shows the result of the sensitivity analysis demonstrated that LP was more profitable than CP if;
• A discount rate of less that three percent is applied; or • The harvesting costs are reduced by >30 percent; or • The timber price increases by >15 percent; or • A minimum of RM30/ha of annual carbon trading payments are generated. The results demonstrate that the LP system is more profitable if the harvesting cost reduced by 10 percent and that the logging intensity during the first cut is increased by 20 percent. Assuming that the concessionaire receives additional revenue of RM15/ha/yr through carbon credit payments, the NPV under LP would increase to RM737, i.e. a 26% percent increase over the CP system.
V. CONCLUSIONS
This study has described the cost of logging in Kelantan and calculated the two different cost of logging methods namely 'Logfisher' and conventional logging. The results of the study shows that the cost constitutes under LP is higher than under CP. Incremental average per ha total cost rose by 46.8% to RM13,573/ha. While the incremental average per m 3 total cost increased by 57.4% to RM267.80/m 3 . With the increasing fuel prices and other cost related to labour, the logging cost is expected to increase in the near future. This situation will have adverse affect on the profitability of the practice of sustainable forest management.
The sensitivity of the economic analysis indicates that in the long run, a slight reduction of the harvesting cost and other incentive systems such as price premium, carbon credit, overalls benefits and welfare to the society as a whole can also help to facilitate the introduction of LP option. Hence the Malaysian Timber Council (MTC), Malaysian Timber Certification Council (MTCC) and International Tropical Timber Organisation (ITTO) have a role to play to promote such timber markets and non-timber markets among its consuming nation members. C i and C j are costs of harvesting activities under CP and LP respectively. r is the interest rate. t is the year of activity. Activities include harvesting plan, pre-felling , delineation of compartment boundary and proposed road alignment, tree tagging and 'Logfisher' machine. * are the identified activities conducted under both CP and LP options. ** are adopted and modified from [1] i,j are various itemised activities and m,n are the total number of these activities respectively. 
